The genus Chlamydia comprises a group of obligately intracellular procaryotes that are separated into two species, Chlamydia trachomatis and Chlamydia psittaci (14) . The strains of C. trachomatis from human sources, with the exception of lymphogranuloma venereum (LGV) strains, are biologically similar, although they cause a broad spectrum of ocular, genital, and respiratory infections (6, 15) . One of the properties that differentiates non-LGV strains from those of LGV is the relatively poor efficiency with which they infect host cells in culture and subsequently spread from cell to cell (6) . It is not clear whether this is an inherent property of non-LGV C. trachomatis or whether optimal in vitro conditions have not yet been established. However, cell-to-cell transfer must occur in natural infections. For example, Hanna et al. (7) have described cases of persistent ocular infection with non-LGV C. trachomatis. Since these were infections of epithelial cells, which slough off regularly, the chlamydiae must have passed from cell to cell to persist.
In vitro models of persistent infection and spread of chlamydiae have been limited to strains of C. psittaci. For example, Manire and Galasso (4, 10) described a persistent infection of HeLa cells with the meningopneumonitis strain of C. psittaci in which the host and parasite coexisted without genetic change, and Officer and Brown (13) found that persistent infection of Chang human liver cells with the 6BC strain selected for a more virulent parasite and a more resistant host cell. More recently, Moulder, Levy, and Schulman (12) described an infection of L cells with C. psittaci (6BC) in which the parasite persisted as a cryptic body, a form that was not expressed as a cytoplasmic inclusion and was not recognizable by microscopic examination. We know of no previous reports of in vitro models of persistent infection with non-LGV C. trachomatis. This paper describes the persistent infection of mouse fibroblasts (McCoy cells) with the G17 strain of C. trachomatis, a strain isolated from a trachoma case (16) . The efficiency of infection of this chlamydial strain appeared to be great enough to provide for persistence of the parasite but not great enough to ever bring about destruction of all susceptible host cells.
MATERIALS AND METHODS
Growth of wild McCoy cells and wild C. trachomatis. McCoy cells, a heteroploid mouse cell line, were grown in monolayer cultures in Eagle minimal essential medium containing 10% heat-inactivated fetal calf serum, 12 mM sodium bicarbonate, and 0.25 mg of streptomycin sulfate per ml (MEM). Uninfected McCoy cells were grown at 37°C in an atmosphere of 5% C02-95% air. Cells were enumerated in a Coulter Counter, and viability was estimated by trypan blue exclusion. Periodic cultures for mycoplasma were negative (Flow Laboratories, Inc., Rockville, Md.).
The G17 strain of C. trachomatis is a serotype A strain (1) isolated from a case of trachoma (16) . Stocks of unlabeled and '4C-labeled C. trachomatis were prepared by methods already described in detail (9) . Briefly, McCoy cells were infected with the aid of centrifugation. When unlabeled chlamydiae were to be obtained, infected cells were incubated in MEM containing 0.5 ,ug of cycloheximide per ml. When "4C-labeled preparations were to be made, 0.5 ,ug of freshly dissolved emetine per ml was added 24 h after infection, and 0.4 ,uCi of '4C-labeled mixed amino acids per ml was added at 30 h. Both labeled and unlabeled chlamydiae were harvested 72 h after infection. The chlamydiae were released from McCoy cells by sonic disruption, partially purified by differential centrifugation, and suspended in a sucrose-phosphate buffer.
Chlamydial suspensions labeled with "4C-amino acids were further purified by digestion with ribonuclease, deoxyribonuclease, and trypsin. All chlamydiae were frozen at -90°C in sucrose-phosphate buffer containing 2% heat-inactivated fetal calf serum. '4C-labeled chlamydiae were checked for absence of labeled host cell contaminants by banding in continuous Renografin gradients (3) . Both labeled and unlabeled C. trachomatis were titrated with and without centrifugation by the inclusion count method described elsewhere (9) .
Maintenance of McCoy cells persistently infected with C. trachomatis. Persistently infected McCoy cells that had been established in 25-cm2 flasks as described below were maintained by procedures similar to those developed for the maintenance of L cells persistently infected with the 6BC strain of C. psittaci (12) . In the first method, the growth medium was replaced weekly with 5 ml of MEM equilibrated in 5% C02-95% air and incubated at 35°C. After the host cells had been destroyed by chlamydial multiplication, the flask was washed twice with 1 ml of MEM to remove cell debris, 5 ml of MEM was added, and incubation was continued.
In Counter.
To measure chlamydial infectivity, two samples were taken at each observation time and frozen at -90°C until they were titrated. The extracellular chlamydial titer was obtained from 3 ml of culture medium from which detached cells had been removed by centrifugation for 5 min at 200 x g. The total chlamydial titer (extracellular plus intracellular) was obtained by dispersing the McCoy cells with 30 3-mm glass beads into 2 ml of the remaining culture medium. The glass beads were rinsed with 1 ml of sucrose-phosphate buffer, and the chlamydiae were released from the host cells by sonic disruption. C. trachomatis was titrated with the aid of centrifugation in wild McCoy cell monolayers grown in 30-cm2 dishes by methods given elsewhere (9) . The number of iodine-staining inclusions (5) per 200x microscopic field was used to determine the total number of inclusions per dish, and, by appropriate extrapolation, the total number of inclusions in the original persistent culture was finally estimated.
Enumeration of inclusion-bearing cells in McCoy cells persistently infected with C. trachomatis. Persistently infected cultures in 25-cm2 flasks were stained with Giemsa, and the flask bottoms were cut out as previously described (12 (9) , and deviations from it suggest a change in the ability of either the host or the parasite to interact with each other without the aid of centrifugation.
Association of "C-labeled C. trachomatis with McCoy cells in the absence of centrifugation. This procedure has already been described (9 infected with C. trachomatis with the aid of centrifugation, and the infected cells were incubated at 35°C in MEM containing 0.5 jig of cycloheximide per ml. Three days after infection, more than 50% of the host cells contained chlamydial inclusions. Cycloheximide was removed at this point, and the cultures were washed and fed weekly. Many host cells were destroyed, but by 20 days after infection, the cell sheets became confluent with predominantly inclusion-free cells. These cells were dispersed with trypsin and transferred to 25-cm2 flasks. During the next 70 days, the cultures were either transferred to new flasks or washed and fed in the same flasks at weekly intervals. When these cultures were examined by phase-contrast microscopy or by Giemsa staining, inclusion-bearing cells were regularly seen, but they always comprised less than 1% of the total cell population. Then, at 100 to 150 days after infection of the original McCoy cell cultures, large numbers of inclusion-bearing cells abruptly appeared in both the cultures that had been transferred weekly and in those that had not been transferred but only washed and fed. The cell sheets were eventually destroyed by chlamydial multiplication, but some host cells always survived to repopulate the flasks after they had been washed and fed. These cultures alternated between periods of destruction and proliferation of host INFECT. IMMUN. cells. Such populations of McCoy cells and C. trachomatis will be referred to as "persistently infected," and the host cells and chlamydiae from which they were derived will be referred to as "wild."
Fluctuations in densities of McCoy cells and C. trachomatis in persistently infected cultures. Figure 1 shows the succession of events that took place when persistently infected McCoy cells were transferred to new flasks. After the host cells had grown to near confluency ( Fig. 1A and a) , the number of inclusion-bearing cells increased until the cell sheet was destroyed (Fig. 1B and b) ; this occurrence will be referred to as "wipeout" (12) . At this time, the flasks were washed and fed. The surviving McCoy cells multiplied, and cell colonies again became visible ( Fig. 1C and c) ; this will be referred to as "regrowth" (12) . As incubation of the flasks continued, cycles of wipeout ( Fig. 1D and d) and regrowth ( Fig. 1E and e) Antigenic identity between persistent-infection chlamydiae and wild C. trachomatis. The ability of the chlamydiae in persistently infected populations to infect and destroy most of the host cells present raised the suspicion that they might be an LGV contaminant and not the G17 strain of C. trachomatis at all. Therefore, chlamydiae from a persistent infection were serotyped by the microimmunofluorescence test (18) with mouse antisera against persistent-infection chlamydiae, wild C. trachomatis (G17), and an LGV strain (UW-396) of C. trachomatis. Prototypes of the 14 C. trachomatis serotypes and persistent-infection chlamydiae were used as antigens. There was no difference in the immunofluorescence patterns of persistent-infection chlamydiae and wild C. trachomatis (G17), thus confirming their antigenic identity. in McCoy cells persistently infected with C. trachomatis. Clones of L cells from persistent infections with C. psittaci always produced persistently infected cultures, even when they were derived from host cell populations with few inclusion-containing cells (12 In a second kind of experiment, the association of '4C-labeled wild and persistent-infection C. (Table 1) . This dependency could be a function of either the population density (total number of cells per unit area of substrate) or the absolute number of inclusion-bearing cells transferred to the new flask. To distinguish between these possibilities, persistently infected McCoy cell populations containing between 2.5 and 26% inclusion-bearing cells were plated out at the same total cell density. Although there were early differences in percent inclusion-bearing cells and in the time the central areas of cell destruction appeared, the time from seeding to wipeout was nearly the same for all of the populations tested (Table 1) .
Penicillin does not prevent multiplication of (12) in that both systems alternate between periods of massive host cell destruction brought about by extensive chlamydial multiplication and periods of proliferation of largely inclusion-free host cells. The indefinite coexistence of L cells and C. psittaci has been explained by postulating the presence of a cryptic chlamydial form in all the persistently infected L cells. The principal lines of evidence for this assumption are that inclusion-free L cells in persistently infected cultures were almost completely resistant to superinfection with exogenous chlamydiae and that, on clonal propagation, these inclusion-free host cells gave rise to persistently infected populations (12) . No such evidence was obtained for the presence of a cryptic chlamydial form in persistently infected McCoy cells. They were as susceptible as wild host cells to infection with C. trachomatis (G17), C. trachomatis (440L), and C. psittaci (6BC), and clones of McCoy cells from persistent infections showed no sign of chlamydial infection, even after prolonged cultivation.
The most likely explanation for the phenomenon of wipeout in cultures of McCoy cells persistently infected with C. trachomatis is that elementary bodies of unchanged efficiency of entry spread among McCoy cells of unchanged susceptibility until most of the host cells are infected and destroyed. Evidence for the cell-tocell transit of C. trachomatis is threefold. First, destruction of the cell sheet always began in a localized area and spread concentrically. Cell destruction probably began in the middle of the cell sheet because it was there that the most favorable geometry for contact of host and parasite was obtained. Second, the time between transfer of a persistently infected population to a new flask and wipeout was strongly dependent on the initial total host cell density (inclusionfree plus inclusion-containing cells) and only slightly dependent on the initial density of inclusion-bearing cells alone. This behavior was that expected of an exponentially multiplying intracellular parasite spreading from cell to cell. Finally, the prolongation of the time from transfer to wipeout produced by penicillin G was also what would have been expected if the maturation of an infectious, cell-to-cell transit form of C. trachomatis had been blocked by the presence of the antibiotic.
McCoy cells and C. trachomatis appear to reach an unstable equilibrium in persistent culture because the chlamydiae infect and multiply in host cells well enough to insure their persistence but not well enough to infect and destroy all the available McCoy cells. Such inefficiency of infection always allows some McCoy cells to escape infection, thus guaranteeing host cell survival and at the same time providing for the continued presence of host cells for the chlamydiae. This postulated equilibrium observed in vitro may reflect in vivo behavior that has evolved from the selection pressure on both C. trachomatis and its host cells, or it may represent only a chance balancing of opposing forces under the highly artificial conditions of cell culture.
The explanation we have just given provides a tentative answer for the second question posed at the beginning of the Discussion, but it does not answer the first one. The outburst of chlamydial multiplication and spread over the months of quiescence following initial mixing of C. trachomatis and McCoy cells may have been the product of some shift in the makeup of host or parasite populations or both that we failed to recognize or, equally likely, it may have been the result of the long-delayed establishment of an as yet undefined condition of culture that is absolutely essential for cell-to-cell spread of C. trachomatis. Both possibilities are under investigation.
Although the fluctuations in host and parasite density during cycles of wipeout and regrowth are superficially similar in the C. psittaci (6BC)-L cell and the C. trachomatis (G17)-McCoy cell persistently infected systems, the mechanisms 
